Distributed Machine Learning-based
Digital twins modelling

By: Henry Mutegeki

Supervisor: Matteo Bunino

=%, CERN
1= openlab



Table of Contents

=1, CERN

1, & openlab

01
02
03
04
05
06

Intertwin project
Digital twins
ltwinai
Contributions

Results

Q/A

12/08/2024

Henry Mutegeki



Intertwin Project

« Intertwin is a collaborative project aimed at
building a prototype of an Interdisciplinary Digital

Twin Engine (DTE).

« The DTE is characterized by being:

« Main contribution is to itwinai python library 2 !
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Digital Twins

DT usecases by intertwin
- A Digital twin(DT) is a virtual representation of a physical

H Early warning for Extreme events
0] bJ ect, syste M Or process. Deltares, EURAC, TU Wien

Wildfire Hazard Map Generation
CMCC, CNRS, Univ. of Trento

« DTs mirror the behavior, performance and characteristics of
their physical counterparts.

Tropical Cyclone Detection
CMCC, CNRS, Univ. of Trento

8) Extreme events impacts
st W CERFACS, EURAG, Deltares
N o
\ W DT to detect & characterize in
\ climate extreme events(drought)

Radio Astronomy
Univ. of Heidelberg, Max Planck
Society

High Energy Physics
CERN, CNRS

Gravitational Wave - Astrophysics

° i i Lattice QCD
DTs enable res'earchers study.a phy5|c.al system |n.a g G (VIR
controlled environment and simulate its behavior in many
DT to simulate noise in the detector for
different scenarios noise reduction in Gravitaional waves

observertory

https://www.intertwin.eu/use-cases/
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https://www.intertwin.eu/use-cases/

Itwinai Architecture
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Project Contributions

GAN arch.

Real examples

INTEGRATION OF 3 USE CASES & DOCUMENTATION

Judges which
| Discriminator images are
real/fake

1. GAN model integration
« Update trainer to take 2 models
* Documentation

Fake images/noise

Fake generated

2. E r Iﬂ I | n . example
urac use case Integrat O. VII’gO arch. p
* Implement gather metrics
° Add metrics |Ogg|n8 Transfer function
. . . (GAN based model)
3. Virgo use case integration Auiliary channels Eurac arch.
. Generated large dataset == |
stan s Lo tiahond bl Veto/ Low Data & workiow o, 8@ - | aabead
Denoising_’Latency - i v

« Add custom data loader

Channel 4

4, Scaling tests

Seconds

Figure 1 - Overview of the workflow for DT on extreme events
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Distributed Eurac Use case

agreeable-shad-192

Created at
Created by

Experiment ID

Model metrics

Experiments Models

System metrics Artifacts

2024-07-24 19:23:31
mutegekil

521835104429072178 [

Status (@ Finished

Run ID 17a53994d7c4a8d818a33c4d70c253¢ [
Duration 22.4min

Datasets used -

Tags Add

Source (A torch_dist_final.py

Logged models

Registered models

Parameters (25)

Q

Parameter

target_names

Value

['vwe!, ‘actevap’]

Results 1/3

Metrics (6)

Q

Metric

val_vwe_epoch

Value

0.24340906739234924

distributed_strategy TorchDDPStrategy val_actevap_epoch 0.10715409368276596
experiment test val_loss_per_epoch 0.1906549632549286
epochs 10 train_loss_per_epoch 0.16283413767814636
optim_momentum 0.9

dp_weights

Ip/scratchfintertwin/datasets/eurac/modelftest.pt

shuffle_test False
Ir 0.0001
seq_length 60

test_temporal_range

slice('2019-01-0

'2020-12-31", None)

batch_size 256
num_workers_dataloader a
temporal_subsampling True

train_temporal_range
optim_Ir

shuffle_validation

loss

slice('2016-01-01", '2018-12-31", None)
0.001

False

cross_entropy

adam

train_actevap_epoch

train_vwc_epoch

0.10892456769943237

0.2086082398891449

- =

GitHub

Docs
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Results 2/3

Distributed GAN MNIST >

chill-owl-867
Overview Model metrics System metrics Artifacts
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Step
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discriminator validation_loss
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— chill-ow|-867 (discriminater accuracy)

gen_validation_accuracy_epoch

chill-owl-867 (gen_validation_accuracy_epoch)

d_train_loss_av per batch

Step

—— chill-ow|-867 (d_train_loss_av per batch)
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C Refresh

discriminator training loss per epoch :
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Step
—— chill-owl-867 (discriminator training loss per epoch)
generator training loss per epoch :
30)
20|
10)
o 500 1000 1500 2000 2500 3000
Step
I-867 (generator training loss per epoch)
generator validation_loss :
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Step
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Results 3/3

Used slurm arrays to generate large virgo dataset

QUTPUT  TERMINAL ~ PORTS (1)  EXPOSEDPORTS  GITLENS  DEBUGCONSOLE  PROBLEMS g hiesh - datasets v ﬂ Iﬁl

lenvdl_Nd
v
(

fl) [nutegeitehdul 61 datesets] du -sh virgo
irge/
[envAl_hdfnl) [nutegekd1ghafmt 101 datasets)S 1s virgo/
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Thank you!

] Questions ?
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